The inflammatory components of the liver remnant after hepatocellular carcinoma (HCC) Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide. 1 More patients with HCC are being offered the option of resection as a curative strategy. Unfortunately, high rates of postoperative recurrence and metastasis remain major obstacles. It is well known that HCC, frequently the long-term result of chronic hepatitis and cirrhosis, is characterized by typical signs of inflammation, such as heavy infiltration by many leukocyte populations. 2, 3 The hepatitis status and local inflammatory processes influence survival and recurrence in patients with HCC after curative resection. 2,4 Our group has identified that HCC metastasis was associated with not only the peritumoral inflammatory response but also with macrophage infiltration and the expression of macrophage colony-stimulating factor in peritumoral liver tissue. 3, 5 Together with the fact that recurrences of HCC primarily target the liver itself, 6 it is logical to highlight that the peritumoral liver environment, especially the inflammation-related factors, is of prometastatic and prognostic significance and, hence, worthy of further investigation.
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Hepatic stellate cells (HSCs), the versatile mesenchymal cells in the liver parenchyma, are vital to the liver's response to inflammation. Their activation into contractile myofibroblasts is the major pathway in hepatic fibrogenesis that resulted from chronic hepatitis. 7 Especially, the production of the putative functional genes of activated HSCs, including osteonectin (SPARC), 8 tenascin-C (TNC), 9 and seprase (FAP), 10 can modulate extracellular matrix, exacerbate chronic inflammation, and accelerate the process of fibrosis. However, the function of activated HSCs is not limited to chronic inflammation and subsequent liver fibrogenesis. They have also emerged as potent suppressors of hepatic immunity [11] [12] [13] and promoters of neoangiogenesis during chronic hepatitis virus infection. 14 It is important to note that evidence from other cancers, such as gastrointestinal carcinomas and melanoma, has verified that host-activated HSCs contributed to the establishment of liver metastases via inflammatory response-related mechanisms. [15] [16] [17] In addition, myofibroblast-derived factors such as FAP and SPARC can otherwise accurately predict recurrence in colon and pancreatic cancers. 18, 19 Therefore, it is conceivable that peritumoral activated HSCs may be significantly involved in the recurrence of HCC.
Preliminary in vitro and murine xenograft models have proved that HSCs could be activated by HCC cells 20 and directly promote the aggressiveness and progression of HCC cells. 21, 22 Further insight into the involvement of activated HSCs in human HCC indicates that they can accumulate the intratumoral and peritumoral stroma of HCC. 23, 24 However, all the cited studies are in vitro coculture assays, reconstitution in animal models, or in situ experiments providing no prognostic information. Therefore, the roles of functional genes and the cellular density of peritumoral activated HSCs in HCC progression and recurrence remain obscure, and systematic clinical studies are needed.
To this end, in a randomly selected cohort of patients with HCC, using in situ immunostaining and quantitative real-time polymerase chain reaction (qRT-PCR), we examined the prognostic value of peritumoral activated HSCs at the cellular and gene levels. Simultaneously, we also evaluated the density of peritumoral regulatory T cells (Tregs) and CD68+ macrophages (MФ), which also contribute to hepatic immunoregulation and inflammation response. We found that peritumoral activated HSCs were independent predictors of a poorer prognosis in HCC.
Materials and Methods

Patient Samples
The inclusion and exclusion criteria included the following: (1) pathologically proved HCC; (2) no anticancer treatment or distant metastases before surgery; and (3) history of HCC resection, defined as macroscopically complete removal of the tumors, as previously described. 2, 4 After institutional review board approval, 130 patients with HCC were randomly selected from a total of 1,905 patients in Zhongshan Hospital, Shanghai, the People's Republic of China, between 2002 and 2005, who had complete clinicopathologic and follow-up data and represented a prospective, continuous, unselected cohort of patients. Meanwhile, a normal liver tissue pool from 10 healthy liver donors was constructed as the calibrator for qRT-PCR reactions.
Clinical staging was performed according to the 2002 American Joint Committee on Cancer/International Union Against Cancer TNM staging system. 25 The histologic grade of tumor differentiation was determined by using the Edmondson grading system. 26 The pathologic features of all cases were rereviewed by a skilled pathologist who had no information about the original pathology reports. Liver function was assessed by using the Child-Pugh scoring system. 27 If patients had multiple lesions in the liver, we selected the main nodule for study. 28 In cases with tumors with different histologic grades, the most advanced grade was used. zTable 1z summarizes the conventional clinicopathologic parameters.
Follow-up
All patients were monitored postoperatively until September 30, 2008 , by serum a-fetoprotein (AFP), abdominal ultrasonography, and chest radiograph every 1 to 6 months according to the postoperative time. For patients with test results suggestive of recurrence, computed tomography and/ or magnetic resonance imaging were used to verify whether recurrence had occurred. Recurrences were confirmed based on typical imaging appearances in computed tomography scans and/or magnetic resonance imaging and an elevated AFP level. 2 The mean ± SE follow-up period was 31.8 ± 1.7 months (range, 1.5-77.0 months). Recurrence-free survival (RFS) was the time between surgery and first confirmed relapse. If recurrence was not diagnosed at the time of study, the cases were censored on the date of death or of the last follow-up. Of the 130 patients, 68 were confirmed as having relapse, including 60 intrahepatic recurrences and 8 extrahepatic metastases. Postrecurrence treatments (reoperation [n = 12], chemoembolization [n = 34], and regional therapy [n = 3]) and surveillance according to a uniform guideline were described previously. 2, 4 However, 19 patients with recurrence with severe liver dysfunction or weak general performance could not tolerate antirecurrence treatments. Overall survival (OS) was defined as the interval between surgery and death or between surgery and the last follow-up for surviving patients. Of the patients, 71 died as a result of recurrence (n = 51) or complicated liver cirrhosis (n = 20).
Tissue Microarrays and Immunohistochemical Analysis
Tissue microarrays were constructed as described previously. 2 Triplicates of 1-mm-diameter cylinders (0.785 mm 2 ) from a noncancerous margin (designated as peritumor) were included in each case, together with different control samples that ensured reproducibility and homogeneous staining (Shanghai Biochip, Shanghai). Thus, 2 tissue microarray blocks were constructed, each containing 204 cylinders, including 9 different control samples. Serial sections (4 µm) were placed on slides coated with 3-aminopropyltriethoxysilane.
Mouse antihuman a-smooth muscle actin (a-SMA) (dilution 1:100; DAKO, Carpinteria, CA), Foxp3 (dilution 1:100; AbD Serotec, Kidlington, England), and CD68 (dilution 1:100; Zymed Laboratories, San Francisco, CA) monoclonal antibodies were used. According to the guidelines, the positive control pool comprised blood vessels for a-SMA and tonsil or spleen for Foxp3 and CD68. In addition, normal liver tissues were used as normal control samples. Immunohistochemical analysis was performed using a 2-step protocol (Novolink Polymer Detection System, Novocastra, Newcastle upon Tyne, England) as described previously. 29 Briefly, sections were deparaffinized, hydrated, and washed. After neutralization of endogenous peroxidase and microwave antigen retrieval, slides were preincubated with blocking serum and then incubated overnight with primary antibodies. Subsequently, the sections were serially rinsed, incubated with second antibodies, and treated with horseradish peroxidase-conjugated streptavidin. Reaction products were developed with 3,39-diaminobenzidine solution and counterstained with hematoxylin. Negative control slides, in which incubation with the primary antibody was omitted, were included in all assays.
The number of stained cells was counted (×400) using a computerized image-analysis system composed of a Leica DFC420 CCD camera, installed on a Leica DMIRE2 light microscope (Leica Microsystems, Wetzlar, Germany) and attached to a personal computer. The entire disk of each triplicate was selected for enumeration. Data were expressed as the mean (± SE) number of cells (ie, cell density per 0.785 mm 2 ), based on the triplicate samples obtained from each patient. Activated HSCs were identified by their location, morphologic features, and cytoplasmic expression of a-SMA. 12 Areas of vessels, Glisson capsules, fibrous septa, and collapsed parenchyma were not assessed. 30 MФ were stained brown in the cytoplasm by anti-CD68 antibody, 31 Two independent investigators blinded to the clinicopathologic data assessed the numbers of these cells. Variations in counts that exceeded 5% were reevaluated, and a consensus decision was made.
Quantitative RT-PCR SPARC, FAP, and TNC, all mainly expressed by activated HSCs in the liver, were selected as candidate functional genes. Hypoxanthine phosphoribosyltransferase 1 (HPRT1) and TATA box binding protein (TBP) were used as housekeeping genes, as described previously. 32 Primers for these genes are listed in zTable 2z. Total RNA was extracted by using TRIzol (Invitrogen, Carlsbad, CA) purified with the RNeasy Mini Kit (Qiagen, Valencia, CA) and retrotranscribed by oligo (dT) 18 
A B
zImage 1z Electrophoresis of RNA integrity analysis and polymerase chain reaction (PCR) products. The integrity of purified RNA samples was confirmed by electrophoresis on 1% agarose gels. A, High-quality RNA samples were characterized by 28S/18S ratios greater than 1.5 on a 1% agarose gel and sharp bands. B, PCR products were loaded on a 2% agarose gel to confirm specific gene amplification, demonstrated by a single sharp band of the appropriate size.
an ABI Prism 7900 SDS (Applied Biosystems, Foster City, CA) and SYBR Green PCR Master Mix (SuperArray, now SABiosciences, Frederick, MD). For all samples, RNA was analyzed in duplicate. The amount of complementary DNA was the same for each reaction. The PCR products were run on a 2% agarose gel to confirm specific gene amplification and the absence of primer dimers zImage 1Bz. For data analysis, the 2 -∆∆Ct method was used. 33 The fold change in the target genes, normalized to average housekeeping genes and calibrated to the expression of the normal liver pool (n = 10), was calculated for each sample.
Statistics
Data were analyzed using SPSS software, version 15.0 (SPSS, Chicago, IL). Cumulative survival was calculated by using the Kaplan-Meier method and compared by log-rank test. Multivariate analyzing was performed by using the Cox multivariate proportional hazards regression model. The optimal cutoff values, estimated by using X-tile software, version 3.6.1 (Yale University, New Haven, CT), 34 were 25%, 25%, 20%, 35%, 35%, and 30% for activated HSCs, Foxp3+ Tregs, MФ, FAP, SPARC, and TNC, respectively. For the comparison of variables, χ 2 tests, Fisher exact tests, Spearman r coefficient tests, and Mann-Whitney U tests were carried out as appropriate. A P value of less than .05 was considered statistically significant.
Results
Immunohistochemical Characteristics
The triplicate of spots for each case showed a good level of homogeneity for stained cell density. Representative images zImage 2z and statistics for immunohistochemical 
Profiles of Genes Related to Activated HSC Function
The expression levels of FAP, SPARC, and TNC significantly correlated with one another (r = 0.824, r = 0.624, and r = 0.614, respectively; all P < .0001) and with the density of activated HSCs (r = 0.903, r = 0.634, and r = 0.887, respectively; all P < .0001). In addition, their expression differed dramatically between high-and low-density activated HSCs subgroups (all P < .001). Compared with expression level in normal liver tissues, the mean expression levels of FAP, SPARC, and TNC were higher in peritumoral tissue (Table 3) .
Prognostic Factors
For the entire study cohort, the OS and RFS rates were 78.5% and 64.0% at 1 year, 50.3% and 45.3% at 3 years, and 43.0% and 41.4% at 5 years. Compared with patients without recurrence, patients with recurrence had dismal 5-year OS rates (17.7% vs 72.4%; P < .001).
The density of peritumoral activated HSCs correlated inversely with OS and RFS in univariate statistics zTable 4z. The 5-year OS and RFS rates for high-vs low-density peritumoral activated HSCs were 31.8% vs 77.8% (P = .001) zFigure 1Az and 28.0% vs 77.3% (P < .001) zFigure 1Bz, respectively. Dismal OS and RFS, respectively, also related to high levels of MФ (P = .001 and P = .020), Tregs (P = .010 and P = .009), SPARC (P = .002 and P = .002), FAP (P = .005 and P < .001), and TNC (P = .014 and P = .003).
The statistically significant variables were further included in multivariate analyses (Table 4) . High-density peritumoral activated HSCs, MΦ, and Tregs remained as independent predictors of survival or recurrence, as did SPARC messenger RNA (mRNA) expression. FAP mRNA expression was associated only with RFS.
With 1 year as the cutoff period, all recurrences were divided into early recurrence, which is mainly from disseminated tumor cells, and late recurrence, usually a result of a multicentric new tumor. 35 Prominent differences in median
Combination of the Density of Peritumoral Activated HSCs and Other Investigated Variables With Prognostic Value and Receiver Operating Curve Analysis
Whenever peritumoral MФ and Treg density and the mRNA levels of FAP and SPARC had independent prognostic value, the results were combined with results for the density of peritumoral activated HSCs in turn. Each combination comprised 4 subgroups: I, both low; II, only HSCs high; III, only HSCs low; and IV, both high. The corresponding numbers of cases for the 4 subgroups (I/II/III/ IV) of the combinations for density of activated HSCs with MФ density, Treg density, FAP mRNA level, and SPARC mRNA level were as follows: 10 It should be noted that the distributions of postoperative prophylactic treatments and postrecurrence therapies were equivalent between high and low subgroups of HSC density, MФ density, Treg density, SPARC level, and FAP level, indicating that the therapeutic modalities produced no obscuring effects for the analyses zTable 5z. high rates of vascular invasion, no encapsulation, advanced TNM stage, and a higher serum AFP level. In particular, the status of hepatitis B surface antigen (positive, negative, or no hepatitis B infection) had an unbalanced distribution between patients with high-and low-density activated HSCs (P = .037). With respect to the functional genes of activated HSCs, we found that high SPARC and FAP expression correlated with larger tumors and higher serum AFP levels. Moreover, vascular invasion, no encapsulation, advanced TNM stage, and higher serum γ-glutamyltransferase levels were associated with high FAP expression. In addition, patients with high MФ density had higher rates of vascular invasion. Younger patients and patients with vascular invasion had more peritumoral Treg infiltration.
significantly associated with the combinations of HSCs with Tregs, MФ, SPARC, and FAP zFigure 1Dz. All independent prognostic parameters were then compared by receiver operating characteristic analyses. The best predictive value for recurrence was the combination of the density of peritumoral activated HSCs and the FAP mRNA level. The area under the curve of this combination was 0.721 for RFS zTable 6z and zFigure 2Az. However, vascular invasion was the best predicator for OS.
Correlations Between Independent Prognostic Markers and Clinicopathologic Features
As shown in Table 5 , patients with high-density peritumoral activated HSCs were prone to have larger tumors, . A, P = .001. B, P < .001. C, Overall P < .001; I vs II, P = .336; I vs III, P = .258; I vs IV, P = .008; II vs III, P = .797; II vs IV, P = .007; and III vs IV, P = .006. D, Overall P < .001; I vs II, P = .332; I vs III, P = .770; I vs IV, P < .001; II vs III, P = .805; II vs IV, P = .009; and III vs IV, P = .135. months [P = .001], Figure 1A ; median RFS, 16.8 vs 60.0 months [P < .001], Figure 1B ). We also found that higher mRNA expression levels of the functional genes of activated HSCs, such as FAP and SPARC, are independent predictors of poorer survival (for SPARC, P = .021, Table 4 ) and/ or enhanced recurrence (for SPARC, P = .007; for FAP, P = .001; Table 4 ). In particular, combining the density for HSCs with the SPARC or FAP expression level yields better predictive performance. Besides, high levels of density and functional gene expression of peritumoral activated HSCs are associated with aggressive clinicopathologic characteristics such as larger tumors, high vascular invasion rates, no encapsulation, advanced TNM stage, and elevated AFP levels (Table 5) . Collectively, based on cellular counting and functional gene analyses, peritumoral activated HSCs may serve as a significant prognosticator for a dismal outcome. The peritumoral liver tissue is indisputably the principal target organ for HCC recurrence. 6 Notably, there are 2 categories of intrahepatic recurrences: one is intrahepatic micrometastases (IM) from the primary tumor, and the other is multicentric occurrence (MO). Although it is still difficult to accurately discriminate between IM and MO, documented evidence has suggested that IM mostly occurs as early recurrence (≤1 year) after surgery, whereas MO usually seems to be a late recurrence (>1 year). 35, 36 In the present study, more patients were identified as having early recurrence, a probable condition of having IM (n = 49) and their postrecurrence survival was significantly inferior to that of patients with late recurrence (n = 19) (9.5 vs 30.0 months; P = .004). In addition, patients with higher density or higher functional gene levels of peritumoral activated HSCs have an increased incidence of IM compared with patients with lower density or gene levels. However, no relationship of peritumoral activated HSCs or functional gene expression level with MO was detected. Hence, we propose that the prognostic significance of peritumoral activated HSCs is mainly attributed to their role in promoting development and progression of IM, and the peritumoral liver tissue, if endowed with abundant activated HSCs, may serve as a fertile "soil" for micrometastases.
We found that FAP, SPARC, and TNC mRNA expression levels were positively correlated with the density of peritumoral activated HSCs, and the mean ± SE fold changes of these genes were more than 1 (4.10 ± 0.35, 5.69 ± 0.33, and 1.79 ± 0.12, respectively) when calibrated against the normal liver tissue pool, suggesting that activated HSCs have an elevated expression level of these functional genes when the liver tissues are undergoing inflammation. Consequently, activated HSCs can synthesize more protein production of these genes to accelerate liver fibrosis. [8] [9] [10] 37 Moreover, high FAP expression level of peritumoral activated HSCs is correlated with an enhanced serum γ-glutamyltransferase level (P = .04). These results highlight that peritumoral activated HSCs can aggravate chronic inflammation and fibrosis, which are suitable for tumor survival. Therefore, we attribute the prorecurrence power of peritumoral activated HSCs partly to their involvement in the inflammation response. We also elucidated a positive relation of the density of peritumoral activated HSCs with that of MФ or Tregs, which are confirmed predictors of poorer clinical outcomes, as shown in our study (Table 4 ) and other reports. 2, 5, 38 In addition, high densities of HSCs, MФ, and Tregs are all related to aggressive clinicopathologic features, especially vascular invasion (P = .024, P =.035, and P =.036, respectively, Table  5 ). Together with the facts that MФ and Tregs are indispensable components of the sophisticated immunosuppressive network of HCC 2,3,38 and peritumoral activated HSCs are likely to cooperate with them to aggravate immunosuppression, 11, 13, 39 it is reasonable for us to suggest that peritumoral activated HSCs may also participate in the formation of the peritumoral immunosuppressive environment for the benefit of HCC recurrence.
Although many independent prognostic factors were found in the present study, it is still imperative to compare their predictive value. In our study, the predictive power of the density of peritumoral activated HSCs in combination with the FAP mRNA level was the best among all independent prognostic markers for HCC recurrence (area under the curve, 0.721, Table 6 ). Therefore, besides traditional prognostic factors, peritumoral activated HSCs are of clinical usefulness for predicting the postoperative recurrence of HCC.
We demonstrate that peritumoral activated HSCs are independent predictors for HCC recurrence and death, mainly via their proinflammatory and immunosuppressive activities. Our study implies that postoperative adjuvant therapies that target the soil, that is, the peritumoral liver tissues, to make it resistant to tumor growth are promising antirecurrence strategies. Obviously, interrupting or reversing the activation of peritumoral HSCs may be effective to reduce HCC recurrence and prolong survival.
